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DUST STORMS ON MARS ACCORDING TO PHOTOMETRIC OBSERVA- [/925*
TIONS TAKEN ON BOARD THE MARS-3 AUTOMATIC INTERPLA-
NETARY STATION

V. I. Moroz, L. V. Ksanfomaliti,
A. M. Kasatkin, and A. E. Nadship

Certain parameters of dust storms on the 15 December and
27 December subsatellite tracks were estimated on the basis of
photometric profiles of Mars obtained on board the Mars-3 arti-
ficial satellite in the wavelength range 0.3-1.4 um during the
dust storm. The mare-highland contrast as a function of wave-
length is satisfactorily explained if a particle size of about
1 um and an optical thickness of about 3 (for the 1.4 um region)
are assumed. Blue clouds were observed in the equatorial zone of
the planet, probably related to scattering at finer (and more
slowly settling) particles.

The Mars artificial satelllites Mars-2 and Mars-3 went into
orbit during a dust storm. Investigation of the planetary surface
was thus hampered, but on the other hand it became possible to
study the actual phenomenon of a dust storm at close range. In
December and early in January observations were conducted under
dust storm conditions, after which the dust settled. Comparison
of measurements taken during these two periods affords several
characteristics of the dust cloud layer formed in the Martian
atmosphere during the "storm"” period. The papers /1-3/ already
discussed several of these measurements (temperature, cloud al-
titude, and HQO content); here we wish to present the phbtometric
profiles of Mars during the storm period and thereafter, and to
give their preliminary interpretation.

¥ Numbers in the margin indicate pagination in the foreign
text.
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Fig. 1

Ag earlier, here we will discuss only the results obtained
on Mars-3. Photometric profiles were obtained along the same
tracks as for the main measurements; the tie-in of these tracks

to the map of Mars is shown in Fig. 1. s

The photometric profiles represent the relative distribu- /926
tion of brightness along the tracks of measurements in six narrow =~
central regions. One of these, with the longest wavelength --

1.3 um, was recorded with a photometer in the HZO band (the con-
tinuous spectrum channel) [3]; the remaining five were recorded
in the 0.36-0.7 um range with a photometer incorporating a photo-
multiplier. Fig. 2 shows the optical arrangement of this photo-
meter. It has two operating regimes, alternating periodically.

The planar mirror R, rotates continuously with a period of 36 sec.

As this takes placef a field of view of about 120° in the scanning
plane approximately coinciding with the orbital plane of the space
craft is captured. The tubular collimator TClairécfs?the radia-
tion through one of the three filters mounted in the disk FD,; to
the photomultiplier. The filters are switched once every 36 sec.
The mirror R, remains in position 1 :for 18 sec (while Ry "looks"
toward the planet); it is in position 2 during the next 18 sec,

and the photomultiplier senses radiation through the collimator



TC2 directed cgaxially withAthg.chgr phgtometric instruments.
Here the radiation passes through one of the five filters not

in the disk PDé This disk rotates continuously with a period
of 1 sec. The wavelength and the half-width of the filters are

given in the Table.

Fig. 2. Optical arrangement of
the photometer in the spectral
region 0.36-0.7 um

All the filters are of the
interference type, except for the
shortest wavelength filter. The
field of view of the tubular
collimators is 0.03 rad (45 km at
a distance of 1500 km).

. Fig. 3.gives the photometric
profiles along the 15 December 1971 track, obtained by the non-
scanning channel. Plotted along the ordinate axis is the bright-
ness B in an arbitrary linear scale. For comparison, Lambert's
law (B « M, = cos ZO) and the law for an optically thick layer
of strongly absorbing particles (B « ul/(u1 + u2), where H, is
the cosine /of the zenith angle of the AIS [Automatic Interplane-

tary Station]) arezgivenffor sake of comparison.

WAVELENTH OF PHOTOMETER FILTERS IN THE 0.37-0.7um REGION
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Clearly, in the ultrayviolet and blue spectral regions the law
pl/(pl + ;11'2) closely describes the obseryations., The red and
green profileés are not described by any of these two simplest
approximati6ns. The contour of Prometei Sinus was weakly
discerned in the red profile, but Mare Cimmerium was completely

undetectable.

Similarly, the profiges for 27 December in the red filter
showed the already noticeable maré=highland ‘contrast in the
red filter for similar angles (Fig. 4, Iapigia), indicating
a reguction in the optical thickness of the clouds in the
equatorial izone of the planet. The ultraviolet profiles of
15 December and 27 December 1971 showed brightenings near the
equatorial;zone of the planet extending along the tracks for
a distance of about 1000 km. We conditionally called them /927
ultraviolet clouds. Ultraviolet clouds were also observed on
9 January 1972; they were absent in the February tracks.
Judging from all available data, during the dust storm the
maximum optical thickness occurred precisely in the equa- i}
torial zone. It is possible that the ultraviolet brightening
here, observed in the period of the last phase of the dust
storm is attributable to the fact that the particles of sub-
micron size responsible for scattering in the ultraviolet
spectral region settled more slowly than other, coarser parti-
cles and formed the upper tier of the clouds. On the other
hand, the condensation origin of these clouds cannot be pre-
cluded. They are especdally visible in scans made with the

ultraviolet filter.

Fig. 5 shows the photometric profile of Mars on the 15
December tracks in the 1.38 um wavelength. The brightness of
the highland  iregions is well approximated by Lambert's law
(dashed line). Mare Cimmerium is clearly visiblej; the contrast
is about 20 percent. From a comparison with Fig. 2 it is clear
that the contrast between the dark and light regions in the



Prome.ei Sinus ig. 3. Photometric profile

216ng the 15 December 1971
track in five wavelengths,
obtained with a photometer

for 0.36-0.7 um

dust period increases sharply
with wavelength in the 0.7-

1.4 um range.

Still, near 1.4 pum the

L \Q\\ contrastsdurﬂlélthe dust period
[‘ 3 \f are very much smoothed out. In
b ot et L Y the 28 February 1972 track (Fig.
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storm they amounted to 50 per-
cent. An old problem remains
unresolved; why after settling of dust do the dark regions remain
just as dark as before the storm. Here it must be stipulated that
we do not have measurements with tomparable three-dimensional
resolution prior to the storms, but terrestrial ‘observations
give us mare-highland |contrast in this spectral region that are
similar in magnitude to contrasts measured after the storm. There
are few highland iregions in this profile, but the brightness
of those that are observediis satisfactorily approximated by
Lambert's law. As far as we can judge from available material,
the brightness coefficients of the highlands after the storm
were reduced by 20-30 percent at the wavelength of 1.38 ﬂm. The
northern polar cap is completely undetectable in the 1.38 um
photometric profile, though its!margins are well delineated in
the visible spectral region. Obviously, the observed part of the
polar cap is atmospheric haze of very fine particles and not a
sediment lying on the surface. Why the mare—highland_fcontrast

markedly increases (cf. Fig. 3) in passing from the wavelength



A i Fig. 4. As above in /928
Fig. 2, along the

27 December 1971 track
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Fig. 5. Photometric profile along the 15 December
1971 track in the wavelength 1.38 um



5620 to 6940 A is . understandable -~ here true absorption

decreases rapidly. However, an increase in contrast from 0.7 /929
to 1.3 um can scarcely ‘be explained in this manner. Actually,

the albedo of Mars in this range changes little; the material

of the dust storm particles and the highlands is identical.
Therefore, the coefficient of particle absofption should not

vary widely. Another explanation is more probable: in the
neighborhood of 1.38 um the scattering effectiveness and the

optical thickness T in scattering are less due to the small

particle radius. We must assume a radius

0.5 < r <1 um (1)

for 7 = 3 in order to obtain a contrast of about 20 percent in
the vicinity of 1.4 um. The optical thickness near 0.7 um will
be greater than 6 in this case and the contrast will be less
than 10 percent. Our estimates were made using the approxima-
tional scattering theory in thick layers developed by G. V.
Rozenberg [4]. It was assumed that the ratio of the absorption
and scattering coefficients in both wavelengths is 0.04. The

result is not critical to the selection of this value.

The estimate (1) agrees with the small optical thickness
in the 8-u40 ﬂm range, though here observations can be explained
by the coarser particles, if they are transparent. Some Ameri-
can workers [5] maintain that a large fraction of the particles
have dimensions of about 10 um, otherwise it is difficult to
explain the rapid clearing in the second half of December. This
contradicts { estimate (1). It is most probable that both p01nts
of view are correct: the particle size spectrum is broad and_
can be different in different regions of Mars and even in the
same region at different altitudes, since ithe settling rate
depends on size. Earlier estimates were made of particle size
by equating the settling time for a given radius to the total

duration of a dust storm. A radius of about 1 um was also



obtained in this way [€], but it is -clear that this is only

the lower limit, since the absence of vertlcal moyements was
assumed. If the mean particle radius is actually about 1 B,
as we suggest, the agreement of estimates obtained by both
methods signifies that vertical movements actually are weak and
that the dust storm is not a "storm" in the common sense of the
word, at least during the protracted last phase. It is probable
that the storm begins with an active phase when strong winds
build up and the highland’ | dust is lifted to great altitudes
and ends with a quiescent settling phase. Of course, it is not
precluded that peaks of activity /can be repeated several times
during a storm.

The altitude to which particles are ejected during a dust
storm can be 10 km and higher [2,7].

The temporary cloud layer which is formed during a dust
storm is much more transparent for planetary radiation in the
8-40 um range [l 8] than for solar radiation in the 0.3-1.5 um
range. This, as already noted (1), leads to the unusual pheno-
menon of the "anti-greenhouse effect": the surface becomes

colder and the atmosphere warmer than in ordinary conditions.
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